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A method of manufacturing a flow field plate includes
mixing graphite and resin materials to provide a mixture.
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field plates. Flow field channels are provided in one of the
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METHOD OF MANUFACTURING MULTIPLE
FUEL CELL SEPARATOR PLATE
ASSEMBLIES

BACKGROUND

This disclosure relates to fuel cell separator plate assem-
blies and a method of manufacturing multiple separator plate
assemblies and their flow field plates in a continuous,
automated process.

A composition for and a manufacturing process to pro-
duce a monolithic fuel cell separator plate assembly has
been developed, such as disclosed 1n United States Patent
Application Publication No. 2010/0307681 and which 1s
incorporated by reference. Thermally purified flake graphite
and fluorinated ethylene propylene (FEP) resins matenals,
with a typical composition of 15-20% FEP, have been used
to make the separator plate assembly. Other hydrophobic
resins such as pertluoroalkoxy copolymer (PFA) and poly-
tetrafluoroethylene (PTFE) are also suitable. The resins are
availlable from manufacturers, such as DuPont.

The separator plate assembly 1s also known as a bi-polar
separator plate and contains tlow fields on both sides of the
separator plate assembly that distribute the reactants within
the fuel cell. One example flow field used in UTC Power
PC-50 phosphoric acid fuel cells (PAFC) has a platform of
500 mmx300 mm and contains approximately 150 reactant
flow channels that are about 1.4 mm wide by 0.7 mm deep
tor the cathode flow field and 1.4 mm wide by 1.0 mm deep
for the anode flow fields. The over-all thickness of the anode
flow field and cathode tlow field 1s about 1.7 and 1.4 mm
respectively.

Preforms are currently made 1n a batch process by depos-
iting a powdered mixture of graphite-FEP into the molds.
These powders have a bulk density of about 0.6-0.7 g/mlL
versus the molded density o1 2.1-2.2 g/mL. There are several
shortcomings to this dry process. It 1s diflicult to achieve a
uniform powder distribution across the part. This variation
translates to poor uniformity in thickness and density across
the part. There 1s the additional complication when one 1s
trying to mold a flow field to net shape that the compression
rat10 for the powder over the web of the flow field 1s different
than over the ribs of the flow field. This results 1n the ribs
having a lower density than the web which result 1n lower
thermal and electrical conductivity and higher acid absorp-
tion and acid transfer rates which are undesirable. The
orientation of the graphite particles 1n the ribs tends to be
more along the ribs than across the ribs which 1s also less
desirable. The typical batch process used in manufacturing
1S quite expensive.

The separator plate assembly must have a very low
clectrolyte take-up and very low rate of thru-plane acid
transier over its 10-20 year life. This 1s the most demanding,
characteristic of the separator plate assembly. Acid perme-
ates the separator plate assembly from the cathode side to the
anode side of the plate due to electrochemical oxidation
(corrosion) of the surface of the graphite. Oxidation makes
the graphite hydrophilic which results 1n 1t being wet by the
acid electrolyte.

The thermally purified large flake graphites currently used
in separator plate assemblies have two benefits relative to
spherical graphites previously used. First, the low ratio of
edge planes to basal planes with the large graphite tlakes
results 1n a very low corrosion rate compared to spherical
graphite. Second, the current manufacturing process also
results 1n the graphite flakes being preferentially aligned
perpendicular to the thru-plane direction. This results in a
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2

very high tortuosity to thru-plane acid penetration which
further impedes acid penetration into the plate.

Thermoplastics such as FEP are formed 1nto tubing, film,
sheets and insulating coatings on electrical wiring by using
melt extrusion processes. These materials are typically
100% FEP. In some applications a few % fillers are added to
color the products or affect their electrical properties. The
extruder typically has multiple heating zones. The tempera-
tures of these zones, according to DuPont, are typically
330-370° C. which 1s significantly higher than the melting
point of a typical FEP which 1s about 260° C. The FEP exits
the extruder 1n a molten, entirely liquid state and at ambient
pressure. Various approaches are used to cool the formed
article to solidify the FEP and to control the dimensions of
the extruded article. FEP tubing, for example, 1s drawn over
a mandrel while immersed 1n a water bath thus setting the
diameter and soliditying the FEP. In one example manufac-
turing method, FEP film 1s calendared with chilled rolls to
set 1ts thickness and solidity the FEP.

SUMMARY

A method of manufacturing a flow field plate includes
mixing graphite and resin materials to provide a mixture.
The mixture 1s formed 1nto a continuous flow field plate, for
example, by ram extrusion or a double belt press. The
continuous flow field plate 1s separated into discrete tlow
field plates. Flow field channels are provided in one of the
continuous flow field plate and the discrete flow field plates.

In one example, a ram extrusion process 1s disclosed for
forming flake graphite-FEP tlow fields for a PAFC to net
shape. The process includes ejecting the flow field plate
from the die at a temperature where the FEP resin consists
of two-phases; 1.e., a liquid and a solid phase. Flow field
channels may be formed during or subsequent to the con-
tinuous tlow field plate forming process. A configuration for
a separator plate assembly 1s disclosed that consists of two
flake graphite-FEP flow fields bonded together with a fluo-
roelastomer.

In another example, a double belt press forming process
1s disclosed for forming flake graphite-FEP flow fields to net
shape by extruding a flake graphite-FEP paste onto a con-
tinuous steel belt that contains a channel configuration that
1s the mirror image of the flow field plate. A double belt press
process 1s also disclosed to form flake graphite-FEP flow

field plate blanks.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to
the following detailed description when considered in con-
nection with the accompanying drawings wherein:

FIG. 1 1s a schematic view of a portion of an example fuel
cell separator plate.

FIG. 2 1s flow chart depicting an example process of
continuously forming a flow field plate to net shape using
ram extrusion.

FIG. 3 1s a flow chart depicting an example process of
continuously forming a bipolar plate blank using ram extru-
S1011.

FIG. 4 1s a differential scanning calorimeter graph of one
example fluorinated ethylene propylene.

FIG. 5A 1s an elevational view of a continuous flow field
plate manufactured according to the ram extrusion process
set forth in FIG. 2.

FIG. 5B 1s a cross-sectional view illustrating two flow
field plates bonded to one another.
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FIG. 6A 1s a schematic depiction of a ram extrusion
machine.

FIG. 6B 1s a schematic view of a die for the ram extrusion
machine of FIG. 6A.

FI1G. 7 1s a graph depicting the temperature profile of the 5
ram extrusion process set forth 1n FIGS. 2 and 3.

FIG. 8 1s flow chart depicting an example process of
continuously forming a flow field plate to net shape using a
double belt press.

FIG. 9 1s a flow chart depicting an example process of 10
continuously forming a bipolar plate blank using a double
belt press.

FIG. 10 1s a tflow chart depicting a paste extrusion
sequence and flow field plate formation using the double belt
press process of FIGS. 8 and 9. 15

FIG. 11 1s a schematic depiction of a double belt press
having paste distribution and dryer zones.

FIG. 12A 1s a top elevational view of a belt for the
machine shown in FIG. 11.

FIG. 12B 1s a side elevational view of the belt shown in 20
FIG. 12A.

DETAILED DESCRIPTION

A Tuel cell separator plate 10 1s schematically illustrated 25
in FIG. 1. The plate 10 has first and second sides 12, 14 that
respectively provided first and second flow fields 16, 18
corresponding to cathode and anode flow fields. The first and
second flow fields 16, 18 respectively include first and
second flow field channels 20, 22 extending to a perimeter 30
24 of the plate 10. Each flow field may consist of around 150
channels. The platform (1n the X-Y direction) of one typical
plate 10, defined by the perimeter 24, 15 500 mmx3500 mm
(19.7 1nx19.7 ). The aspect ratio of the width of the flow
ficld plate to 1ts thickness 1s about 300-350:1 in one 35
example. One of the flow field plates 1s 1.7 mm thick so 1ts
aspect ratio 1s 500/1.7=294. The other flow field plate 15 1.4
mm thick so its aspect ratio 1s 500/1.4=357. In the illustrated
example, the tflow field channels are parallel to one another
on each side, and the flow field channels on one side are 40
perpendicular to the channels on the opposing side.

The plate 10 has a thickness 26, which 1s about 3.1 mm
in one example. In one example, the first flow field channels
20 have a width 28 of about 1.4 mm (0.06 1n) and a depth
30 of about 0.7 mm (0.03 1n). The second flow field channels 45
have a width 128 of 1.4 mm (0.06 1n) and a depth 130 01 1.0
mm (0.04 1n). The overall thickness of the anode flow field
and cathode flow fields are about 1.7 and 1.4 mm respec-
tively. The total thickness of the bipolar plate in FIG. 1 in
this example 1s about 3.1 mm. It consists of the depth of the 50
fuel channels (1.0 mm)+the depth of air channels (0.7
mm )+the web thickness (1.4 mm). The web 1s the thickness
between the bottom of the fuel channels to the bottom of the
air channels. The plate 1n FIG. 3B consists of an anode tlow
field and a cathode tlow field. The anode flow field has a fuel 55
channel depth of 1.0 mm and a web thickness of 0.7 mm for
a total thickness of 1.7 mm. The cathode flow field an air
channel depth of 0.7 mm and a web thickness 0.7 mm for a
total thickness of 1.4 mm. The total thickness 1n FIG. 1 &
FIG. 5B 1s approximately the same 3.1 mm. 60

FIGS. 2 and 3 are process flow charts depicting example
manufacturing methods 32, 132 for producing a separator
plate assembly (FIGS. SA and 5B) using a ram extrusion
machine (FIGS. 6A and 6B). Two example manufacturing,
methods 32, 132 are described. FIG. 2 relates to extruding 65
a flow field plate to net shape with the tflow field channels
tormed during the extrusion process. Alternatively, it may be

4

desirable to extrude a flow field blank and machine channels
into either side of the blank, as set forth in FIG. 3.

Referring to FIGS. 2 and 3, FEP powder 34 and graphite
powder 36, such as tlake graphite, are metered and weighed
38 to provide a mixture. Resins other than FEP may be used.
The mixture 1s thoroughly blended 40. As shown in FIG. 2,
a flow field plate having a ribbed profile providing channels
1s continuously extruded, using a ram extrusion process, for
example. The continuous flow field plate extrusion 1s pro-
duced as indicated at 42, and schematically depicted 1n FIG.
5A, including flow field channels 120. The continuous
extrusion provides discrete tlow field plates 162 (shown by
dashed lines) subsequent to trimming, as depicted 1n 46 of
FIG. 2. Alternatively, a blank (1.e., without ribs and chan-
nels) may be continuously extruded, as indicated at 142 of
FIG. 3. The flow field plate or blank 1s cooled, as indicated
at 44.

Returning to FI1G. 2 and referring to FIG. 3B, a separator
plate 110 1s produced by joiming trimmed flow field plates
from two extrusion lines, although a single extrusion line
may be used. As shown 1 FIG. 5B, a trimmed flow field
plate 62 (from one extrusion line, indicated at 46 in FIG. 2),
1s coated with a fluoroelastomer 66 (as indicated at 50 1n

FIG. 2) to join the sides 64, 164 of the tlow field plates 62,
162 (as indicated by 32 1n FIG. 2). In one example, a band
of fluoroelastomer 66 i1s applied near the perimeter of the
assembly, like a window frame, to the flat side of one of the
flow field plates by known techniques such as spraying o

screen printing. The fluoroelastomer 66 creates a gas and
liguid seal between the two flow field plates 62, 162 and
results 1n a separator plate assembly 116. The fluoroelasto-
mer may be Fluorolast® WB-200 sold by Lauren Manufac-
turing with a fluorine content of at least 68 weight percent,
for example. A first side 112 of the plate 62 provides a {first
flow field 116 including first channels 120 of a cathode. The
second side 114 of the plate 162 provides a second tlow field
118 including second channels 122 of an anode. The two
plates 62, 162 are bonded 1n a low pressure tlatbed laminator
54, or by other known laminating means, such as a platen
press, (FI1G. 2) at 150-200° C. (317-415° F.), for example.
Alternatively, the flow fields may be bonded 1n situ within
the PAFC durning 1ts mitial heat-up cycle. A wettability
coating 1s electrostatically applied to the anode side 114, as
indicated at block 56. Alternatively, the wettability coating
may be applied by spraying and drying an aqueous suspen-
sion of a carbon black onto the flow field as 1s known. The
machining waste 1s collected and may be used later to
produce cooler assemblies, for example, as indicated at 48.

Referring to FIG. 3, after trimming, channels are
machined on the cathode and anode sides of the same blank,
as 1indicated respectively at 58 and 60. The machining waste
1s collected and may be used later to produce cooler assem-
blies, for example, as indicated at 148. A wettability coating,
1s electrostatically applied to the anode side, as indicated at
56.

FIG. 6 A shows a schematic of a horizontal ram extrusion
machine 68. Graphite and FEP powder 1s fed from storage
bins 70, 72 into a hopper 74 that feeds powder into a barrel
86 when the ram 80 1s extracted. The ram arrangement 76
includes a hydraulic piston 78 with the ram 80 slidably
received 1n a cylinder 82. The ram extrusion machine and
process achieves continuous production of a continuous flow
field plate from a discontinuous maternial feed. The mixed
powder 1s compacted when the ram 80 1s inserted 1nto the
barrel 86. A cooling section 87 1s provided near the entrance
to the barrel 86 to prevent material entering the barrel 86
from melting earlier than desired. The barrel 86 includes a
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die 89 having a profile 91 shown 1n FIG. 6B that provides
the width and thickness of the plate. If flow field channels
are to be formed during extrusion, the profile 91 also
includes channels and ribs.

The mixture 1s heated as it progresses along the barrel 86
with each stroke of the ram 80 by electrical heating elements
88. 90, 92 attached to the barrel 86 until the mixture reaches
a temperature above the melting point of the FEP. The die 89
occupies between 14 and %4 of the length of the extruder and
1s located at the exit of the extruder. The molten mixture
enters the die 89 where 1t 1s cooled as 1s passes through a
cooling section 94. The extruded mixture 1s a two-phase
liquid-solid mixture of FEP and solid graphite as discussed
below. The graphite flakes 1n the molten graphite-FEP
mixture become orientated perpendicular to the plane of the
flow field as the mixture passes through the 1nitial portion of
the die 89 as a result of the action of viscous forces on the
graphite flakes.

The extruded part 1s ¢jected from the die 89 at a tem-
perature that 1s above the temperature where the FEP begins
to melt and below which the FEP 1s completely melted. FIG.
4 1s a differential scanning calorimeter (DSC) graph for FEP
showing that a thermoplastic polymer such as FEP has a
relatively broad melting point. At the peak 1n the DSC plot
the resin exists 1n two-phases, with half of the FEP resin in
the liquid state and half 1n the solid state. A desired melt-
to-solid-resin ratio at the exit of the die 89 1s between 40:60
and 60:40 (roughly at 250° C. (482° F.) when the resin 1s
FEP), although other ratios may be used. The liquid state
provides lubrication permitting extrusion of the flow field
plate at desirable pressures through the die 89 while the solid
state bonds the structure together resulting in acceptable
physical properties.

Ram extrusion provides FEP resin melted by heaters
external to the mold rather than by friction, for example, as
would be the case 1n the screw extrusion process. Thus, ram
extrusion, which translates the ram 80 without rotating the
ram about its axis, produces much less attrition of the
graphite flakes and ultimately results in a flow field with
properties similar to those of existing desired separator plate
assemblies made by a batch process. Much higher pressures
can be developed 1n the ram extrusion process than 1n the
screw extrusion process. This 1s useful in extruding the
extremely viscous two-phase FEP-graphite composition
through the die 89.

Referring to FIG. 7, one example temperature profile
along the first quarter length of the extruder provides an
increasing temperature from 1350° C. (302° F.) to 330° C.
(662° F.), the next half length of the extruder maintains a
flow field temperature of 350° C. (662° F.), and the last
quarter length of the extruder decreases the temperature
from 350° C. (662° F.) to 250° C. (482° F.). Again, the die
89 occupies 53 to Y4 of the length of the extruder in the
example. In one example, the temperature of the extruded
flow field plate 1s about 260° C. as 1t exits the die. This
temperature corresponds to approximately 50% of the FEP
being liquid and 50% being solid. The extruded flow field
plate 1s passed over a quench table, schematically shown as
the cooling section 94, where 1ts temperature 1s reduced
from 250° C. (482° F.) to near-ambient. The quench table
may contain a series of rolls to maintain contact between the
extruded tlow field plate and the quench table to increase the
rate of cooling.

The individual tlow field plates 62, 162 are formed 1nto a
separator plate assembly 110 as previously discussed. As
shown 1n FIG. 6A, extrusion machines 68, 168 may be used
to produce the flow field plates 62, 162 using a low pressure
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continuous flat bed laminator 96. The anode flow field 1s
coated with a wettability treatment as discussed.

Methods of manufacturing flow field plates using a double
belt press are shown in FIGS. 8 and 9. The embodiment
shown 1 FIG. 8 produces a flow field plate to net shape
using a double belt press process. It may be desirable to
instead form a flow field plate blank and machine flow field
channels into the blank. The embodiment shown 1 FIG. 9
produces a blank that 1s subsequently machined on both
sides to produce the finished separator plate assembly.

Referring to FIG. 8, a flow field forming process 200 1s
shown 1n which the flow field channels are integrally
formed. A paste extrusion process for filling the channels 1n
a steel belt may be used to form a graphite-FEP flow field to
net shape. The graphite flakes used to make these tlow fields
has a very low DBP (e.g., dibutyl phthalate) o1l absorption
number of about 10 g per 100 g. A standard relating to o1l
absorption numbers and methods of testing the same 1s set
forth in ASTM D2414. This means that a very small amount
of vehicle 1s required to wet-out the graphite flakes and to
produce as viscous paste. In one example, a paste can be
made with about 20% water and 80% graphite-FEP. Hydro-
carbon liquids that can be vaporized below 200-250° C. may
also be used as the vehicle to produce a paste. The specific
gravity of such a paste 1s about 1.7 g/mL. FIG. 10 outlines
a process 240 used to prepare such a paste. The compression
ratio for the paste 1s about 1.26 (2.15/1.70) versus 3.3
(2.15/0.65) for the dry process. The compression ratio 1s the
ratio of the density of the molded plate to the density of the
dried paste or the bulk density of a powder blend that 1s used
to make the plate. The lower compression ratio will mini-
mize the difference 1n density between the web and ribs 1n
the molded plate.

Referring to FIG. 8, a mixture of FEP 202, flake graphite
powder 204 and up to about 20% water 206 by volume 1s
prepared to form a paste. The ratio of flake graphite powder
to resin 1s about 4:1. The paste 1s weighed 208 and blended
210 prior to extrusion onto a conveyor belt, as indicated at
212. In one example, as shown i FIGS. 12A and 12B, the
belt 278 1s provided by a continuous steel belt 282 having
ridges 284, which provide corresponding flow field channels
in the flow field plate. Water 1s evaporated from the paste, as
indicated at 214, before being pressed by a double belt
arrangement, as indicated at 216. The mixture i1s heated
under pressure and then cooled under pressure, as indicated
at 218. The continuous flow field 1s separated and cut into
discrete tlow field plates, as indicated at 220. Flow field
plates from another line are cut, as indicated at 226, and
joined to another flow field plate by a fluoroelastomer, as
indicated at 224, and run through a laminator, as indicated
at 228. Any waste from cutting can be recovered and reused,
as indicated at 222. A wettability coating 1s electrostatically
applied to the anode side, as indicated at 230.

FIGS. 10 and 11 respectively depict a paste extrusion
process 240 and a double belt press machine 266 that may
be used 1n the process 200. Graphite 1s added to a mixer 268
(FIG. 11), as indicated at 242 (FIG. 10). A vacuum 1s drawn
on the mixer filled with graphite, as indicated at 244, which
aides 1n wet-out of graphite and removes air bubbles. The
mixer 1s configured such that the flakes are not broken. One
example tlake graphite 1s Superior SGC-2901G. A fluoropo-
lymer latex, such as PTFE, 1s added to the mixer before the
vacuum 1s released while mixing, as indicated at 246. FEP
latex may also be used, such as a dispersion of Dyneon FEP
6300GZ. The latex may be cooled during mixing to about 7°
C. (45° F.) to ensure that the mixture 1s free tlowing. A
homogeneous mix 1s formed during high speed mixing, as
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indicated at 248, to produce a paste. The paste 1s supplied to
an extruder (268, FIG. 11), as indicated at 250. The screw
extruder 252 distributes the paste onto the belt (278, FIG.
11), as indicated at 254.

The belt 278 containing the paste passes through a dryer
section 270, as shown 1n FIG. 11. The dryer section 270
removes water at above 100° C. (212° F.) and surfactants at
above 250° C. (482° F.), as indicated at 256, 258 1n FIG. 10.
The heated mixture enters a double belted press 272 having
lower and upper belts, 278, 280. One or more of the belts,
for example, the lower belt, may include ribs that form the
flow field channels during pressing.

Returming to FIG. 10, the mixture 1s heated to above 300°
C. (572° F.) under 3.5-7.0 MPa (500-1000 ps1), as indicated
at 260, 1n hot zone 274 (FIG. 11). The mixture 1s maintained
under pressure and cooled to less than 200° C., as indicated
at 262, 1n cold zone 276 (FIG. 11). The continuous tlow field
plate 1s formed having a net shape thickness and width, as

indicated at 264, and may be separated into discrete tlow
field plates by a cutter 286 (FIG. 11). The formed flow field

1s ¢jected from the double belt at about 200° C. (415° F.)
which 1s below the temperature where most of the FEP has
solidified, which results 1n desired physical properties, such
as a density of 2.1-2.2 g/mL 1s the desired range. Another
machine 266 may feed a flow field plate to a laminator 288
where 1t 1s joined with another plate 1n a manner previously
described.

Referring to FIG. 9, a flow field forming process 300 1s
shown 1n which a flow field blank 1s produced. A mixture of
FEP 302 and flake graphite powder 304 and water 1s mixed.
The mixture 1s weighed 308 and blended 310 prior to
depositing onto a belt, as indicated at 312. The belt may be
provided as part of a double belt press system. The double
belt press system 1s similar to that shown i1n FIGS. 12A and
12B but without the ridges used to form the flow field
channels. In the example, water 1s not mixed with the FEP
and graphite to make a paste. However, 11 a paste 1s used 1n
the process 300, water 1s evaporated from the paste, as
indicated at 314, belfore being pressed by a double belt press
arrangement, as indicated at 316. The mixture 1s heated
under pressure and then cooled, as indicated at 318.

The continuous tlow field 1s separated and cut into dis-
crete tlow field plates, as indicated at 320. After trimming,
channels are machined on the cathode and anode sides of the
same blank, as indicated respectively at 332 and 334. Any
waste from cutting can be recovered and reused, as indicated
at 322. A wettability coating 1s electrostatically applied to
the anode side, as 1indicated at 330. An example double belt
press machine 266 may be used to form the graphite-FEP
flow field blanks to net shape according to the process
described relative to FIG. 9.

The individual flow field plates 62, 162 are formed into a
separator plate assembly as shown in FIG. 5B and described
above. As shown 1n FIG. 11, extrusion machines 266, 266
may be used to produce the flow field plates 62, 162. An
anode flow field and a cathode flow field are bonded together
using a low pressure continuous flat bed laminator 288. The
anode flow field 1s coated with a wettability treatment as 1s
known.

Although example embodiments have been disclosed, a

worker of ordinary skill in this art would recognize that
certain modifications would come within the scope of the
claims. For that reason, the following claims should be
studied to determine their true scope and content.
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What 1s claimed 1s:

1. A method of manufacturing a flow field plate, com-
prising:

mixing graphite and resin materials;

heating the graphite and resin materials to provide a

molten graphite and resin mixture;
forming the molten graphite and resin mixture into a
continuous flow field plate, the forming including
extruding the molten graphite and resin mixture
through a die to net shape, the extruding the molten
graphite and resin mixture through the die to net shape
including providing tlow field channels in the continu-
ous flow field plate during the extruding via ribs and
channels of a profile of the die, wherein during the
forming, the resin material has a liquid to solid phase
ratio between 40:60 and 60:40 at an exit of the die; and

separating the continuous flow field plate into discrete
flow field plates having the flow field channels.

2. The method according to claim 1, wherein the graphite
matenial includes a flake graphite powder and the resin
material includes at least one of: a fluorinated ethylene
propylene, a perfluoroalkoxy copolymer, and polytetratluo-
roethylene.

3. The method according to claim 1, wherein the sepa-
rating includes cutting the continuous flow field plate into
the discrete flow field plates.

4. The method according to claim 1, comprising laminat-
ing two of the discrete flow field plates to one another to
produce a separator plate assembly.

5. The method according to claim 4, wherein the lami-
nating includes adhering the two of the discrete tlow field
plates to one another with a fluoroelastomer.

6. The method according to claim 1, wherein the extrud-
ing includes depositing the graphite and resin materials into
a barrel and slidably translating a ram through the barrel to
force the molten graphite and resin mixture through the die.

7. The method according to claim 6, wherein the slidably
translating occurs without rotating the ram about an axis of
the ram.

8. The method according to claim 1 wherein extruding the
molten graphite and resin mixture through the die includes
extruding the molten graphite and resin mixture through the
die with the die located at an exit of an extruder, a length of
the die occupying between 53 and 4 of a length of the
extruder.

9. The method according to claim 8 wherein the forming
includes forming the molten graphite and resin mixture into
the continuous flow field plate without passing the molten
graphite and resin mixture through a heat barrier.

10. The method according to claim 1 wherein the heating
includes heating with an extruder having a length including
a first portion, a second portion, and a third portion, the
heating including providing an increasing temperature pro-
file along the first portion from 150 degrees Celsius to 350
degrees Celsius, maintaining a temperature of the second
portion at 350 degree Celsius along the second portion, and
providing a decreasing temperature proiile along the third
portion from 350 degrees Celsius to 250 degrees Celsius.

11. The method according to claim 10 wherein the first
portion comprises 4 of the length of the extruder, the second
portion comprises 2 of the length of the extruder, and the
third portion comprises %4 of the length of the extruder.

12. The method according to claim 11 wherein the extrud-
ing the molten graphite and resin mixture through the die
includes extruding the molten graphite and resin mixture
through the die with the die located at an exit of the extruder,

a length of the die occupying between 14 and V4 of the length
of the extruder.

13. The method according to claim 1 wherein the forming
includes forming the molten graphite and resin mixture into
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the continuous flow field plate without passing the molten feeding the flake graphite and fluorinated ethylene pro-
oraphite and resin mixture through a heat barrier. pylene resin materials into an extruder having a length

14. A method of manufacturing a flow field plate, com- including a first portion comprising %4 of the length of
prising: the extruder, a second portion comprising 2 of the

length of the extruder, and a third portion comprising %4
of the length of the extruder, the feeding including
providing a discontinuous material feed to the extruder;
cooling the flake graphite and fluorinated ethylene pro-

mixing graphite and resin materials; d
feeding the graphite and resin materials into an extruder
having a length including a first portion comprising %4

of the length of the extruder, a second portion com- pylene resin materials proximate an entrance of a barrel

prising 12 of the length of the extruder, and a third of the extruder:

portion comprising % of the length of the extruder; 0 heating the flake graphite and fluorinated ethylene pro-
heating the graphite and resin materials to provide a pylene resin materials to provide a molten graphite and

molten graphite and resin mixture in the extruder, the resin mixture 1n the barrel of the extruder, the heating

heating including providing an increasing temperature including providing an increasing temperature profile

along the {irst portion, maintaining a temperature along,
the second portion that 1s a melting point of the
fluorinated ethylene propylene resin, and providing a

profile from 1350 degrees Celsius to 350 degrees Celsius

along the first portion, maintaining a tlow field tem-

perature of 350 degree Celsius along the second por- i . flo al he third o
tion, and providing a decreasing temperature profile ecreasing temperature protile along the third portion;

from 3350 degrees Celsius to 250 degrees Celsius along formmg the mﬁjltenﬁgll‘zphllte al}d resuﬁ mé?{ture .1111[0 d
the third portion; . continuous Ilow neld plate Irom the discontinuous

material feed, the forming including extruding the
molten graphite and resin mixture through a die at an
exit of the extruder, the die having a die length that 1s
14 of the length of the extruder such that the die has the
maintained temperature along a first region and the
decreasing temperature profile along a second region,
the forming further including forming tlow field chan-
nels 1 the continuous flow field plate during the
extruding via ribs and channels of the die, wherein the
extruding further includes depositing the tlake graphite
and fluorinated ethylene propylene resin materials into

15

forming the molten graphite and resin mixture nto a
continuous flow field plate, the forming including
extruding the molten graphite and resin mixture
through a die, wherein the extruding includes forming
flow field channels in the continuous flow field plate
with channels and ribs of the die, the die located at an
exit of the extruder and having a die length, the die
length being 4 of the length of the extruder and
including the third portion and part of the second
portion to provide a decreasing temperature profile .,

] rt1 f the die £ 350d Celsius t
3 50(;1 %jgfsesl%leﬁius ewllleer;i?l during i%??f)mii;;usthz the barrel of the extruder and slidably translating a ram

resin material has a liquid to solid phase ratio between thrpugh the barrel without rotating the T about .
40:60 and 60:40 at an exit of the die; and axis of the ram to force the molten graphite and resin

mixture through the die and, wherein during the form-
ing, the resin material has a liquid to solid phase ratio
between 40:60 and 60:40 at an exit of the die; and

separating the continuous flow field plate into discrete
flow field plates.

separating the continuous flow field plate into discrete -
flow field plates.
15. A method of manufacturing a flow field plate, com-
prising:
mixing flake graphite and fluorinated ethylene propylene
resin materials; % % k%
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